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DESIGK  OP  A  aHHEE-STOlO"  REI1TP0H3SD  GOITOHETE 

COLD  s:dorage  build IEG, 

0  B  ^'  li   G  1'  . 

This  thesis  embodies  the  renxiired  calculations  and 
drawings  for  the  complete  structtiral  design  of  a  reinforced 
concrete  cold  storaa'e  building.  The  problen  involves  the 
determination  of  the  stresses  in  the  slabs,  beams,  columns 
and  footings;  the  proper  disposition  of  the  reinforcement 
for  strengtla  and  stability;  a  compilation  of  typical  details 
to  clearly  illustrate  the  construction;  and  an  estimate 
of  the  cost. 

In  the  computations  of  all  structural  members  and  in  the 
general  desi;^n,  the  Chicago  Gilding-  Code  will  govern. 

The  subject  iTiatter  naturally  divides  itself  into  these 

subheads  which  will  be  treated  in  the  folla/.'ing  order; 

A»  Descriptive  and  dimensional  data. 

JB.  Structvijcal  design, 

0,  General  architectural  drawings. 

X),  Heini'orcing  plans. 

S.  Constructional  details. 

F.  Cost  investigation, 

A  tabulation  of  the  allowed  unit  stresses  and  a  legend  of  symbols 

ixsed  in  formulas  are  .iven  at  the  end  of  the  thesis. 
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DESCRIPTIVS     AND     DIMBNSIOKAL     DATA. 


DniEMSIOirS,     The  location  of  the  building  on  the  site  and  its 
relation  to   the  property  lines  are  slaovm  on  the  survey  plat. 
Sheet  #1,     riie  structtire  itself  is  square  but  the  property  is 
in  the  forra  of  a  trapezoid  with  only  three  sides  at  ri^ht  angles 
to  each  other,  consequently  the  flat-iron  shaped  corner  may  be 
utilized  for  tlie  office  which  is  to  be  one  story  in  hei(;ht.     The 
main  building  however  is   three  stories  in  height  above  the  base- 
ment. 

The  first  stoiy  embodies  the  v;agon  platforia,   the 
shipping  rjlatfonn,   the  office,  a  city  trade  cooler  for  domestic 
sales,   beef  fi'eezer  and  beef  cooler,   a  storage  cooler  room  for 
packed  nieats,   and  an  air  lock  to  platform. 

On  the  first  floor  plan  are  given  the  general  dimen- 
sions;  length  90*  *0"  divided  into  six  bays  of  15*  0"  each;     \7idth 
68*  0"  divided  into  four  bayes  of  17*  0"  each;     the  office  pro- 
jects 17*  0"  farther  and  incl-ades  tv70  bays  15*  0"  each. 

The  height  from  first  to  second  floors  is  11*  8";  from 
second  to  third,   11»  8";     from  third  to  low  point  of  roof,   11*  8" 
and  to  high  point  2*0"  more. 

The  second  floor  is  to  be  devoted  to  storage  space  for 
dried  fruits,  cammed  meats,  and  the  third  floor  to  butter  eggs, 
lard  and  dried  meats. 

The  basetr:ent  will  be  xised  for  general  storage  and  for 
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DESCRIPTIVE    AlTD     DIEIBITSIOITAL     DA'JA, 


keeping  hides.     It  v;ill  also  accommodate  all  necessary  leaders 
for  piping  from  power  house  to  cold  storage  building, 
DESGRIPTIOii  OP  aTRUGOTHAL  DESIGII.       Ollie  Ijviilding  is   to  be  practic- 
ally fireproof  by  using  concrete  tlirou{;'nout ,  with  steel  winda>7 
frames  and  rolling  steel  shipping  platform  doors,     2he  partitions 
v;ill  be  either  tile  or  cork  or  both  in  cornoination;   but  in  qj);/ 
case  plastered  on  the  inside. 

QIhe  elevator  will  run  from  basement  to  penthouse  on 
roof,   aiid  there  are  to  be  tijo  separate  stairvvays  from  top  to 
bottom  of  building  to  comply  v/ith  the  Uity  Ordinance. 

For  insiUation,   coric  board  v.-ill  be  used,   the  building 
to  be  completely  enveloped  or  enclosed  in  it  to  maiae  the  insulating 
effect  as  perfect  as  possible.     Eiis  may  be  done  by  using  a  layer 
of  corlc  along  the  inside  v;alls  entirely  separating  them  from  the 
interior  portion  by  cons  true  tii]£<  a  framework  to  support  the  floors 
independently  of  the  walls,  as     indicated  by  the  draivings. 

A  layer  of  cork  will  run  tuider  the  first  floor  and  over 
the  roof  slab  maJcing  a  coniplete  cork  envelope  for  tiie  interior, 

!Ehe  exterior  walls  Y/ill  consist  of  brick  psnels  sup- 
ported from  a  system  of  concrete  columiis  and  spraidrel  beams,     'fiie 
brick  will  be  extended  arovuid  the  outside  of  coluiiins  and  beams  to 
make  the  exterior  tmiform  in  architect'^iral  treatment. 

Windows  ./ill  be  provided  in  the  stair  well  and  office 
only,  the  cold  storag-e  portions  to  be  lighted  by  electricity,  and 


Thesis  -  Page  4 


D3SCRIPTIYE     AliD     DIMEITSIOL'AL     DATA. 

ventilated  tty  a  system  of  ducts  and  fans. 

The  roof  v/ill  slope  in  two  directions  av/ay  from  the 
ridije  at  the  center  of  the  building  and  drain  spouts  are  to  be 
provided  c.t  intervals  along  the  cop  Ing  wall  to  carry  off  the 
roof  drainage,  a  heavy  layer  of  tar  and  gravel  roofing  will 
be  put  directly  upon  the  top  layer  of  cork  insulation  to  make 
a  thorouglily  v;aterproof  job  and  to  assist  the  coric  in  keeping 
out  the  heat. 
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—     S     0?     H     U     U     T     U     K     A     L       D     E     3     I     G     IT     — 

PHSLIiniTAJlY  CQLlPUTAa?!  OlTS :  - 

In  the  design  of  reinforced  concrete,  the  first  con- 
siderations involve  the  selection  of  the  imit  \7orid.ng  stresses  of 
the  materials,  the  quality  of  steel  and  grade  of  concrete  to  be 
used,  the  relation  of  their  moduli  of  elasticity,  and  the  values 
of  constants  which  occur  in  the  calculations. 

'i3ie  reflations  of  the  Chicago  ijuilding  uode,  which  are 
to  govern  in  this  case,  si^ecify  the  followin^^  allowable  stresses 
for  1;2:4  Portland  cement  concrete,  the  standard  mixture  bast 
suited  for  the  construction  of  slabs,  beams  and  columns. 
Bending,  extreme  fibre,  f  =  700  lbs.  per  square 
inch. 

Direct  comtpression,  c  =  400  lbs.  per  square  inch. 
Shear  in  diagonal  tension,  v  =  40  lbs.  per  square 
inch. 

ijond  between  concrete  and  plain  round  bars  (for 
slabs),  u  =  50  lbs,  per  square  inch;  between  con- 
crete and  deformed  round  bars  (for  beams  and  columns;, 
w  =  100  lbs.  per  square  inch. 

High  cai'bon  steel  will  bo  chosen,  havii^g  an  elastic 
limit  of  not  less  than  55000  lbs.  per  equare  inch,  thus  pemitting 
the  followii^g  values: - 

Tension,  s  =  ISOOO  lbs.  per  square  inch. 
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STHUC'IIRUAL       DESIGi:--      {Gont»d) 

ShearirLg  tension  (for  stirinips),  y  =  12000  lbs.  per 

sqtiare  incn. 

Ratio  of  rnodtiltis  of  elasticity  of  steel  to  tiict  of 

concrete,  n  =  15« 

Compressi02i,  when  tised  in  coluniis,  m  =  n  x  f  = 

15  x  700  =  10500  lbs.  per  scLi^.are  inch, 
Hooiced  Dars,  having  a  serai-circnlsr  laook  with 
raditis    uliree  times  diameter  of  Its^  uliall  be  con- 
sidered capable  of  developing  their  ftill  tensile 
strength* 

Steel  stirnrps  shall  take  the  stresses  due  to  vert- 
ical shear  in  excess  of  40  lbs.  per  sqxiare  inch*  for 
the  concrete,  Imt  the  combined  shear  srast  not  exceed 
133  lbs  per  square  inch. 

TTben  steel  is  used  in  the  compression  side  of  beams, 
the  rods  shall  be  tied  by  stimaps  at  intervals  of 
12  diameters  of  bar. 

For  protection  against  fire  the  steel  must  not  be 
nearer  the  surface  than  1  1/2  inches  for  beams  and 
columns;   1/2  inch  for  slabs.     To  secure  proper  bond 
the  spacing  between  centers  of  bars  shall  be  2  l/2 
diameters;     and  not  less  tlian  one  inch  betvveen  layers 
of  bars  in  beams  or  girders. 
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—     STHUGTRUAL       D3SIGH—     (Cont'd) 

Formulas,  derived  in  a?umeaTire  and  Maurer's  "Principles  of 
Reinforced  Concrete",  recognized  in  standard  practice,  will  be  used 
in  all  ccciputations.     The  quantities  Pt  Ic,  j,  H  etc.,  required  in 
slab  and  beam  calculations  are  therefore  obtained  as  follows:- 

The  economical  steel  ratio,  producing  the  maximum  allowable 
stresses  to  ezist  in  both  steel  and  concrete  at  the  same  time  equals, 
p  ^_L.  .  1 = s5 


2         s/f  (s/nf  f  1)  18000/700   (18000/15  x  700  +  1) 

.0072     -  .72^ 

Batio  of  depth  of  neutral  axis  to  depth  of  steel,  equals. 


K  =\/2pn  +   (pn)^  -  pn  ■  \/(2  x  .0072  x  15)  ■<•   (,0072  s  15)2  .  (,0072  x  15) 
=  .476  -   .108  =  .568 

Batio  of  arm  of  resisting  cotrple  to  depth  of  steel  equals, 
J   =  1  -  3s/3  =  1  -   .568/3  =  1  -   .123  =  .877 

When  the  percentage  of  reinforcement  equals  tue  economical 
steel  ratio,  the  resisting  moments  of  the  steel  and  concrete  are  the 
same,  and  are  represented  by  Rbd?     Ihen, 
For  the  steel  H  =  spj=  18000  x  .0072  x  .877  =  115 
For  the  Concrete  R  =  .5  ffcj  =  .5  x  700  x^68  x  .877  =  113 
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REFERENCE  'ilABLB  FOR  BliAlvi  O^GULA'JIOirS. 

For  detorminiiig  tlie  compressive  stress  in  the  concrete  at 
the  top  of  rectangular  beam,  or  at  the  support  of  a  continuous  S- 
beam  where  the  lower  half  is  in  compression,  the  formula, 

f  «  M  comes  into  tise.     'JChe  qxuaitities  M,  b  and  d  are 

•  5  ic  j  b  d^ 
taiown  but  the  quantity  .Sk  j  varies  with  the  steel  ratio  p,  a  var- 
iable, and  n  which  in  this  case  is  taken  at  15. 

V^-n r} 
p'^n^  +  Spn    -pn  and  J  =  1  -  k_  •     It  is  tiierefore  conven- 

3 

ient  to  tabulate  k,  j  and  .5  k  j,  the  latter  designated  by  K,  for 

various  values  of  p  for  use  in  the  formula  given  above.  I'his 
tabulation  is  given  here^vith  and  will  be  referred  to  as  Table  f3. 

1'  A  B  L  E  #3. 


p 

Ic 

5 

K 

•005 

•319 

•893 

.143 

•007 

•365 

•878 

•160 

•009 

•402 

•666 

•174 

•010 

.412 

•861 

•180 

•Oil 

•433 

•856 

.185 

•015 

•483 

•839 

•202 

•018 

•  513 

.829 

•213 

•020 

•  531 

.823 

•218 
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—     STBUCTURAL       DB3IGH     — 

* 

PIEST     FLOOR     SLAB. 

The  live  load  per  sqiiare  foot  on  the  first  floor  will  be 
talcen  at  200#  per  sqtiare  foot  to  allow  for  heavy  storage  £3nd  for 
trucking.     A  slab  slightly  thicker  than  required  by  the  conrputationa 
is  desirable  to  offset  the  wear  on  the  floor,     a?he  slab  will  be 
re-inforced  in  two  directions  and  as  the  inverse  ratio  of  the  tliird 
powers  of  the  two  spans  gives  a  coefficient  of  .59  as  for  ti^e  roof, 
the  loading  w  in  both  directions  will  be  as  follows:- 

Live  load  per  square  foot  ■  200  # 

Dead  load,  slab  81#,  Oork  4#  =85 

Total  -  285  # 

w    =  load  taken  by  transverse  rods     =  #59  x  285  *  168# 

w»  ■     "  "       "  lor^itudinal     "       =  .41  2  285  =  117# 

For  the  typical  interior  continuous  spans, 

M     -  168  2  15  X  15  X  1  =  37800  in.   lbs. 

M»   =  117  X  17  X  17  X  1  «  33900     "       " 


d  -  /  M    =  /  37800    = 

5.3 
5.0 

II 
It 

V  R  b     \/ll3  X  12 

d»  =,/  M»   =  /  33900    = 

VR  b   Y  113  X  12 

Pireproofing 

=  0.76 

d  (bottom  layer) 

-  5.3 

Slab  thickness 

=  5.85 

(Transverse) 
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—     STRUCTURAL         DSSIGIT     — 


Pifeproofing 

B       .75 

d»   (top  layer) 

=     5.0 

Space  for  lower  rods 

-    0.5 

Slab  thiclaiess 

-     6.25 

Therefore  the  slab  should  be  6  1/2  inches,   this  being  determined  by 
the  depth  needed  for  the  upper  layer  of  steel. 

As  explained  for  the  roof  slab,  the  bars  should  be  bent  up 
at  the  quarter  points  and  carried  to  the  third  points  in  the  ad- 
jacent spans,  half  the  bars  being  bent  and  lialf  straight. 

The  second  floor  slab     ill  '^Iso  be  &^  the  same  as  the  first 
because  the  live  load  is  also  200  lbs.  i^er  square  foot  as  stated  in  the 
colimn  computations,     'iiierefore  the  slab  bars  -will  be  bent  the  saxne 
8,3  tlie  first  floor  slab  bars. 

In  computing  the  slab  bars,   consider  the  lOT/er  layer  as  con- 
taining the  bars  extending  the  short  way  since  tliey  v;ill  receive  the 
larger  part  of     the  load;     then  i;}?e  upper  layer  will  consist  of  the 
bars  running  the  long  v/ay.     First  figure  the  lever  layer: - 
M  -  3Y800  "#  d  s  5.75" 

Steel  area     =    57800 =  .416 

18000  X  .877  X  5.75 

This  is  equivalent  to  {-"  round  rods  at  5^*  centers  for  the  middle 

half  of  the  slab;     for  tiie  outer  oxirjcters  ^pace  tiie  rods  farther 

apart,  nainely  10"  centers. 

For  tiie  spacing  in  the  wjper  layer: - 

M».=  33900"#  d»   =  5.25 
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A  r 55900 r  .575 

18000  2:  .377  2  5.25 

Tliis  is  eauivalent  to  -p-"  roimd  rods  suaced  6?i-"  centers  for  the 

middle  half  of  the  slab;     for  the  cuter  caiarters  si:ace  %-"  round 

rods  at  10"  centers. 

I'h©  rods  lying  in  the  outer  caiarters  mil  be  straight, 

extending  frora  center  to  center  of  supports  only;     while  the  rods 

lying  in  the  niddle  Iialf  v/ill  be   bent  up  at  the  quarter  point,   the 

alternate  rods  in  each  span  running  over  the  supports  and  to  the 

tiiird  points  in  the  adjacent  spaais.     ay  tiiis    -■.rranrjer;:ent  there  will 

be  the  same  amount  of  steel  over  tlie  si^pports  as  at  the  middle  of 

the  span,  conforraing?  to  tlie  assvirii^ition  that  the  bending  moments  for 

the  usual  conditions   of  loading  are  approximately  the  same  at  the 

support  as  at   tlie  center  of   tlie  slab,     T/here  the  slab  is  continuous 

over  one  support  only  as  at   the  -.vail,  the  rods  will  be  run  straight 

along  the  bottom  of  the  slab  into  the  v/all  or  spandrel  beams  on  the 

su]pposition  that  no  appreciable  negative  nomont  exists  there  and 

that  only  a  negligable  amount  can  be  resisted  by  the  beam  as  a 

torsional  stress. 
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SEGOIID  FLCXIR  BS1M3,      (Ist     fl.   bras,   siiiiilai*; 

She  loading  on  the  second  floor  per  square  foot  is  •••  200  # 

Dead  load  including  cork  insulation  and  concrete  slab.     85 

285 

Mviltiplying  the  coefficient  of  .59  "by  285  gives  the  transverse 

load  =  ...  168  # 

aJhen  the  longitudinal  load  s  ...  117  # 

For  the  15-foot  span  typical  interior  beams  the  triangular  load 

from  the  slab  r  15  x  17  x  117  s  «••  30000 

Weight  of  beajois  reduced  to  equivalent  triangular  load  -         •••     1700 

Beam  load  \7  >  31700  # 

M  s  1/6  Wl  =  31700  z  180  x  .167  x.8  b  765000"# 

Use  a  12"  X  22»»  size;     d  b  20" 

A  B 765000 s  2,4  sq,.  ins,   2his  requires  4  rods 

.877  X  18000  X  20 

7/8"  diameter. 

Y  m   15800"     v  =      15800      -  69#/  sq.  in. 

12  X  22  X  .877 

The  steel  ratio  =        2.4         =  .01     r  P 

12  X  20 

Prom  arable  #3,   the  value  of  K  s  .18  and  the  compressive  stress  at  the 

coltann  - 765000 r  880  #  per  sq.-  inch.     2his  is  not  ox- 

12  X  20  X  20  X  .18 
cessive  because  the  allowable  compressive  stress  of  700  #  may  be  in- 
creased about  15J^t  the  support. 

In  spacing  stirrups,   the  concrete  is   to  be  figured  for  its 
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share  of  the  shearing  strass  at  40#  per  sq,  inch. 

Then  total  shear  s  15800 

Concrete  takes  12  2  20  x  40  x  .S??  ■  8400 

For  stirrups  -  7400 

Spacing  s  .11  s:  2  z  12000  x   *877  x  d  s  2520  d 

7  V 

Spacing  at  ends  =  2520  x  20  =  5" 

7400 

LlaxiEium  spacing  =  .75  s  20  =  15»' 

Therefore  space  5  stirrups  at  6",  3  at  8"  and  3  at  10"  from  each  end. 

For  the  17  foot  span  t^'-pical  interior  'beams  the  triangular. 
load  from  the  slab  is  15  x  17  z  168  =  43000# 
Weight  of  beam  as  equivalent  tri- 
angular load  -  3000?,* 
Beam  load  \7        -   46000# 

M  s  1/6  ?/l  =  46000  X  204  x  ,167  x  .8  r  1,260,000  "# 

Use  14"  X  30"  size;   d  z  28" 

A  r      1260000 -  2.85  sq,  in.,  requiring  4  rods  1"  diameter. 

18000  X  .877  X  28 


The  steel  ratio  s     2.85  s  .007  s  p 

14  X  28 

From  I'able  f=3  the  value  of  K       -   .16 

compressive  stress  at  support  -  M     -  25000 m  720# 

Kbl^  "  .16  X  14  X  28  X  .877 
per  equare  inch,  \7hich  is  amply  safe. 

V  = 25000     r  68  #  per  Sq.  inc. 

14  X  28  z  .677 
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Spacing  of  stirrups  at  ends  -     ZZZO  x  28     -     7".  GSie  inaziraum 

9300 

spacing  is   .75  2  28  s  21",   therefore  space  4  stirrups  at  S",   3 

at  8"  and  3  at  12".     liend  up  two  beam  bars  at  the  q-oarter  points 

and  extend  to  the  third  point  into  next  beacis. 
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ROOF  SLi3.   -  SYPICiL  BiJ. 

TIhe  bending*  moments  in  slabs  as  required  by  the  Cxiicago 

Code  are: 

M  =  1/12  w  1  ,  for  contiimorus  inteianediate  spans. 

M  =  1/10  w  1^,     "  "  elld  •» 

M  ■  1/8  w  l2,       »»  ••  simple  " 

The  lengtli  of  span  for  continuous  slabs  is  from  center  to  center 

of  suports;     and  the  s^me  for  non- continuous  slabs,  except  tha,t 

it  need  not  erceed  the  slear  span,  plus  the  thickness  of  slab* 

For  rectangnlai'  panels  V7here  the  ratio  of  the  spans  does  not 

exceed  1.25  the  slab  may  be  reinforced  in  both  directions,  the 

load  being  distributed  in  the  two  directions  inversely  as  the 

cubes  of  the  spans. 

The  typical  panels  meacure  17  x  15,  having  a  ratio  of 

1.13  therefore  less  thwja  1.25  and  may  be  reinforced  both  ways. 

Tlie  proportion  of  the  load  carried  by  the  transverse  reinforcing 

will  be     17^    s  4913/8288  =  59^  the  short  way;  and  4^.% 
173  +  15^ 

for  the  long  way. 

The  load  per  squai-e  foot  includes: 

live  load  =  25  # 

Dead  load 

Roofing  -  10 
4  1/2"  Concrete  31ab=  55 
4"  Ooric  insulation  =  4 
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w  (transvorso)   =  .SS  x  95  ■  56  # 

w»    (longitudinal)    »  •41  x  95  =  39  # 

For  typica-l  roof  slab  panel,  !?•  x.  15»,   intennediato  continuous 

spans, 

M  »  l/l2  w  1^  =  56  s:  225  X  1  =  12600  inch- lbs. 

M»-   "    "  =  39  X  289  X  1  s  11300   "    " 


--^--sl 


12500  =  3.05  » 
113  X  12 


Vh  b   \/] 


11300  =  2.92'» 


113  X  12 

Allowing  l/2'»  fi reproofing,  and  l/4'»  to  center  of  l/2"  rotmd  rods, 

makes  the  distance  from  bottom  of  slab  to  center  of  steel  3/4", 

For  tlie  Ic.ver  la^'-er  of  bars,   d  =  3,05  and  adding  3/4"  gives  3»8 

for  the  thiclaiess;     for  the  upper  layer,  d  =  2.92",  aiid  adding 

3/4"  plus  1/2"  for  bottom  bars,  gives  4.17"  for  the  thiclaiess; 

or  pac/  4  1/2",   choosing  the  nearest  half  inch,         ilien  the  actual 

depth  beconies  3  3/4"  for  the  lower  layer  end  3  1/4"  for  the  upper 

layer,     using  these  values,  calculate  the  area  of  steel  reiiuired 

per  foot  of  slab. 

A  =   II    = 12600 =  .21  sq.  in, 

j  d  s    •877  X  3,75  X  18000 

A'=  III = 11500      =  .198  sq.  in, 

y   d»  s'    .877  X  3.25  x  18000 

Hound  rods  1/2"  diameter  h-ave  a  cross-sectional  area  of  .1963  sq.  in. 

5?o  figure  the  spacing  of  the  rods  multiply  the  cross-section  area  by 

12  and  divide  by  A. 


Thesis  -  Pa^-e    17 


—     STRUCTURAL       BESIGIT     — 


^acing  for  lower  rods  =  12  x  .1953  =  2«36,  dividing  by  .21  r 
11"  centers. 

Spacing  for  the  uper  rods  =  2.36  divided  by  .198  =  12  centers. 
The  spacing  in  both  directions  ^vill  be  made  9  inches  iiowever 
because  it  is  not  good  practice  to  space  rods  farther  apart  than 
t\7ice  the  thiclmess  of     the  slab  (in  this  case  2x4  1/2  =  9") 
owing  to   tiie  tendency  of  the  concrete  to  crack  and  breafc  be1;w8en 
widely  spaced  rods,  especially  xaider  jarring  loads. 

It  -.vould  be  feasible  to  use  3/8"  rods  at  closer  spaciiag 
but  tliey  sJce  more  expensive  to  handle  and  the  consequent  small 
saving  in  amount  of  steel  would  be  offset  by  tne  labor  expense. 

The  proper  bendijag  of     the  rods  is  based  xrpon  the  location 
of  the  points  of  maxitmim  positive  and  negative  bending  moments 
under  any  possible  conditions  of  loading  v/hich  '^dll  produce  tne 
greatest  stresses.     In  a  series  of  continuous  spans  with  every 
alternate  one  loaded  the  largest  positive  nioment  will  be  produced, 
closely  aiproziraating  1/12  w  1  .     This  is  the  same  value  used  for 
the  negative  moment  v;hich  reaches  its  peak  v/hen  the  spans  adjacent 
to  the  stgpport  under  question  are  loaded  and  also  every  alternate 
span  thereafter.     Under  full -dead  and  live  load  the  negative  rould 
eaceed  the  positive  bending  moment  yet  the  maximum  values  must 
be  provided  for  iu  saiy  design.     Under  voTo'-ing  conditions  the 
change  from  positive  uoment  at  the  center  to  negative  at  the  siip- 
port  occurs  at  or  near  the  quarter  points,   and  it  is  here  that 
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the  rods  should  be  bent  •ucp  at  an  angle  of  45  degrees,   conforming 
very  nearly  to  the  direction  of  the  diagonal  shear  forces  existing 
there.     The  Dent  up  rods  should  run  over  the  support  and  into  the 
nert  span  to  the  third  point  to  take  any  negative  noment  which 
may  come  about  through  special  conditions  of  loading  above  des- 
cribed.    'JSie  details  of  the  bending  are  given  on  the  steel  lists 
in  the  latter  part  of  the  thesis. 

The  slab  in  the  middle  half  of  the  bay  is  subjected  to 
the  greatest  strain  and  the  part  around  the  edges,  being  near 
the  stroports,  possesses  additional  strength  so  that  the  rods 
siiould  be  spaced  the  minimum  distance  apart  in  the  middle  half 
and  farther  apart  in  the  outside  quai^ters;     also  the  rods  here 
may  be  straight,  extending  only  to  the  supports*     i'his  omission 
of  top  steel  near  the  supports  permits  easy  handling  and  placing 
of  the  steel,  and  at  the  same  ticie  conforms   to  good  practice. 

ROOF  BSAtIS  -  TYPIGiiL  IllPSRIOR  15«   SPALT. 

TShere  slabs  are  supported  on  four  sides  the  beams  do  not 
carry  a  miiform  load  but  more  nearly  a  parabolic  or  triangular 
shaped    load,   the  latter  usually  being  figured  as  it  is  slightly 
on  the  side  of  safety,    the  bending  moment  equalling  1/6  Y/  1 
modified.     Kie  15»  beam  receives  the  load  carried  to  it  from  both 
sides  by  the  longitudinal  slab  reinforcement,  amounting  to  37#  per 
sq.   ft.  over  an  area  17  x  15  feet,  totaling  9455  lbs.   triangular 
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load.  Olhe  weight  of  the  beain  itself  at  200#  per  ft.  is  3000#. 
Shis  might  be  figtired  separately  as  M  =  1/8  W  1  but  may  be 
combined  -vvith  the  9435  lbs.  by  tisiiig  only  3/4  of  it,  since  tiiat 
is  the  ratio  of  1/8  V/  1  to  1/6  W  1.  Because  of  the  continuity 
1/6  W  1  should  be  reduced  until  equivalent  to  the  coefficient 
l/l2  W  1  as  compared  to  1/8  W  1.  This  reduction  is  33  l/S^^ 
but  is  not  taken  less  tlian  50%, 
Total  triangular  load  9435  +  2250=  11686  # 
M  =  .7  X  l/6  Wl  =  •?  X  2  X  11685  x  15  =  245000"#. 
V  =  .5  X  11685  s  5850  #. 

Four  bars  will  be  used  so  tlaat  tvTO  may  be  bent  iip  and  carried 
into  the  next  span  to  take  care  of  negative  moment  at  tlie  support. 
With  four  bars  in  one  layer  spaced  2  l/2  diameters  apart  to  insure 
proper  bond,  a  width  of  at  least  ten  inches  would  be  needed,  allow- 
ing for  1  l/2"  concrete  protection  for  the  steel  on  each  side. 
For  a  tentative  size  a  10"  x  16"  beam  will  be  selected.  The  depth 

to  steel  will  be  14".  Then  :-  A  = 245000 =  1,1  sq.  in. 

18000  X  .877  X  14 
This  is  equivalent  to  4  -  5/8"  round  bars,  whose  total  area  is 

4  X  .3  =  1.2  Sq.  in. 

p  =    1.2  \z   .0086  At  the  support  the  bottom  of  the  beam  is  in 
10  X  14 

compression  and  there  being  no  T  flange,  the  formulas  for  rectang- 

Tilar  beams  will  apply,  wlion  p  =  .0086  tlien  k  j  :  .169  (See  Table  |3) 

f  =     il      = 245000 =  740  #  per  sq.  ia. 

2  b  d^  j   ,0  X  14  X  14  X  .169 
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which  is  sufficient,  800  #  being  allaved  adjaxjent  to  the  support, 

▼  =  Y       =  5850  =     48  #  per  sq  in. 

b  d  j         10  X  14  X  .877 

b  (required)   =      M  How,  when  t/d  ::    4»5       =  #32,   then 

R  d^  14 

R  =  108  from  Table  4. 

.    b  =    245000       =  11  l/2w       This  is  not  too  groat  since 

108  X  14  X  14 ' 

it  may  be  as  large  as  1/3  the  span  between  beams. 

It  will  be  noted  that  the  size  of  the  beam  in  tliis  case  is 

governed  by  the  negative  bending  moment  ever  the  support  end  not 

by  shear  or  width  of  a?-flange.  Of  covirse  compression  steel  could 

be  used  but  the  beam  is  as  sliallow  as  good  practice  v/ould  permit 

for  such  a  long  span  and  furthermore  it  is  preferable  not  to  use 

compression  steel  over  the  supports  except  for  the  end  spans. 

Where  compression  steel  is  used,  it  slaould  be  limited  to  1^ 

since  if  an  excessive  amount  of  steel  is  used  the  formulas  may 

fail  to  represent  the  true  relation  between  the  concrete  and 

steel  stresses. 

'JIhe  end  span  beams  are  designed  similarly  but  M  =  l/lO  w  1^ 

instead  of  l/l2  w  1^,  and  l/S  W  1  should  be  reduced  20^ 

E  =  .8  X  2  X  11685  x  14.5  =  270000"# 

A.  =        M       = 270000  -  1.23  Sq,   in. 

s  j  d       18000  X  .877  x  14 

Us©  2-3/4«»  and  2-5/8"  round  bars,  total  area  1.43  sq.  in.     Olho 

negative  moment  at  the  s-uqpport  will  exceed  the  positive  moment 
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at  the  center,  therefcare  more  steel  will  be  needed  at  the  sxnoport 
so  ttie  two  larger  3/4"  bars  should  be  bent  up  arA  the  t\";o  5/8" 
bars  run  straig'ht  along  the  bottom  of  the  beam. 

For  stirrfips  3/8"  round  rods  will  he  used  to  take  the  shear 
in  excess  of  that  carried  bjr  the  concrete  at  40f  per  sq«   in,     V/hen 
steel  is  used  in  shear  action     the  allovrable  stress  is  12000#  per 

sqL*   i^* 

Let  V  =  total  shear  in  oeem, 

"     T*  =  shear  taJcen  by  concrete 

"  V«  •  =   "    "   "  stirrups. 

Then  Y»*  z  j  -  Y*   and  T;he  stirrups  should  be  designed  for  this 

difference,   according  to  the  formula,     tiPAOIlTG-  =  s'  x  .1  d  x  A     , 

ytt 

where  A  is  the  cross  section  of  the  t-;70  prongs  of  the  stirrup. 

Substituting  values ;- 

Spac.  =  13000  s  .e??  X  .22  X  d_   ,  since  A  for  2  prongs 

S/S"  round  =  2  r  .ll  =  .22 

Spac.  =  2320  z  _d_ 
V 

At  the  end  of  the  beam  V  ■  5850  # 

10  2  14  X  40  z  .377  =  Y'  =  49Q0 

Y»*  =   950  # 

Spac.  at  ends  =  2320  x  14  »  34"  but  maxinruni  spacing  should 

950 
not  exceed  3/4  the  depth  of  beam  which  is  12".  'Jjheref  ore  use 

arbitrary  spacing  of  3  at  8"  and  3  at  10'« 
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RDOF  B3MS  -  TYPICAL  IlT'oIEHICR  -  17 'O"  SPAtT. 

The  floor  load  carried  to  the  17  ft.  span  beam  by  the 
transverse  reinf  oi-ctMiient  is  56  x  17  z  15  ■  1430.0#,  considered  as 
a  triangular  load.  The  weight  of  beam  talaen  as  200#  per  ft.  s 
3400#;   to  combine  with  the  trianeTU-lar  load  add  3/4  of  3400  a 
2600#  (which  will  produce  the  same  ;.bending  r/ioment);  total  = 
16900#  s  W. 

E  =  ,7  X  1/6  Wl  =  •?  X  12  X  16900  x  17  «s  402500 ";? 
V  =  ,5  x  16900  =  8450  # 

Tixe   size  of  the  beoan  selected  involves  consideration  of  the  shear- 
ing resistance,  limitation  in  diameter  and  nximber  of  reinforcing 
bars,  space  for  steel,  and  value  of  negative  bending  moment  s.t   the 
support. 

Pour  bars  is  a  convenient  number  for  continuous  beams, 
allowing  lialf  of  steel  to  be  bent  over  the  supports  aiid  into  the 
next  beam  without  interference.  A  v;idth  of  12"  would  accomodate 
fotir  bars  1"  diameter  or  less,  assuming  a  distance  of  2  l/2  diameters 
between  bars,  and  1  1/2"  from  side  surface  of  beam  to  tiie  steel.  A 
depth  of  16"  will  fulfill  the  condition  that  the  stress  in  the  con- 
crete at  the  support  shall  not  be  excessive.  The  depth  to  steel 
d  =  14". 

It  should  be  noted  tiiat  where  a  continuous  beam  passes  over 
the  supports,  the  top  is  in  tension  and  the  cottom  in  coijTprecsion 

v,ith  no  T  f^.   to  assist  so  that  the  rosista„co  of  a  rocta^-^ar. 
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not  a  T  beam  must  be  figured. 

f  =  M  Z 402500 =  885  #  pel*  sq.   in. 

.5  b  d^  k  j         12  X  14  X  14  x.195 

The  qtumtity  .193  is  taken  from  Table  #3  and  is  the  value  when 

p  =  ,0125 

A  ■         M  s 402500  =  1.8   sq.   in. 

s  X  j  d       18000  X  .877  x  14 

Use  2  rouiid  bars  3/4"  and  2-3/4".     iirea  2.08  so.   in. 

V  =        V       =  8450  s  58  # 

b  j  d       12  X  .877  X  14 

At  the  support  the  concrete  stress  must  be  redticed  by  coiapression 
reinforcement.   Tlae  stress  must  be  reduced  to  800#.  llie  difference 
is  885  -  800  =  8^  per  so,  in.  Oy   usiio^  steel  in  the  compression 
side  which  is  the  lower  i:orlion  of  the  T-beajn  at  the  support,  the 
reinforcement  will  relieve  the  concrete  of  some  of  its  stress.  This 
is  done  by  letting  the  bottom  rods  run  ti^ou^  or  by  using  extra 
short  rods  over  the  supports.  'i]he  fonner  method  v/ill  be  used  and 
one  of  tloe  tv;o  bottom  bars  in  each  beam  will  be  extended  into  tlie 
adjacent  spans.  By  diagram  #4  it  will  be  seen  that  when  a  reduction 
of  25%  is  needed,  only  1%   of  compressive  steel  is  required  and  in 
this  case  where  the  reduction  is  small  1  bar  as  a  minimum  will  be 
run  tlirough. 

The  bending  of  the  bars  in  the  continuous  beams  is  governed 
by  t}ie  same  considerations  as  in  the  case  of  slabs  so  that  the  bars 
will  be  bent  up  at  the  quarter  points  and  extended  over  the  top  of 
the  supports  *^  ''^®  third  points  in  the  adjoining  spans. 
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COLUMNS. 

A  convenient  diagram  for  reference  in  designing  concrete 
coliumis  is  that  shown  as  Plate  #5,  Its  construction  consists  in 
laying  off  on  the  x  axis  oi  Goordii-i.*ttos  the  percentage  of  vertical 
sheel,  p,  which  ranges  according  to  the  Chicago  Code  from  ,005  to 
•03;  and  laying  off  on  the  y  axis  the  load  on  tlie  coliffun.  Then 
selecting  standard  size  stich  as  12  x  12  or  16  x  16;  the  graphs 
are  made  for  each.  These  graphs  must  be  straight  lines  because 
the  formula  for  columns  is  in  the  first  degree.  P  ■  A  c  {1  +  p 
(n  -  1))  Por  example  for  a  14"  x  14"  column  when  p  s  ,005  then 

P  =  121  X  400  {  1  +  .005  X  14)  =  48400  x  1.07 

=  51800  lbs. 
and  when  p  a  .03  then, 

P  =  48400  X  1.42  =  68600  lbs. 

To  determine  a  column  to  hold  55000  " 'is.  for  instance,  refer  to 

Table  #5  and  trace  horizontally  from  55®0  to  the  point  where  it 

intersects  the  graph  for  14  x  14  column,  then  vertically  downward 

to  .0098. 
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COLUMNS-TYPIGAL     INTERIOR. 

The  floor  area  carried  by  each  interior  colturai  is  17  x  15  = 
255  sq«  feet  in  each  shorty.     To  this  nmst  be  added  tlie  weight  of  the 
ad;3acent  beatiis  and  the  coltaim  itsalf.     Tiie  live  loads  per  square  foot 
are,  for  the  several  floors,  E00#  on  iirst  and  second,   150#  on  tiriird, 
and  25#  on  roof.     The  dead  loads  are,  first  floor  85#,   second  85#, 
third  80#,   roof  70#;     see  floor  slab  design  sheets.     The  average  weight 
of  floor  beams  framing  into  the  coliiinn  is  6500#. 
These  values  tabulated  are  as  follavs: 


LOADIITG  CIT  TYPICAL  im'ERlOR  GOLUl;ilTS. 
3rd  story  255  x  95        a      24200 

Beams      =    6500 
Column     s  _  1600       32300 


TC3T£L 


32300 


2nd  Story 


1st  Story 


Bsmt*  Story 


255  X  210 

- 

53500 

Beams 

= 

6500 

Column 

= 

2000 

255  X  245 

B 

62200 

Beams 

s 

6500 

Column 

= 

3400 

255  X  235 

s 

60000 

Beans 

= 

6500 

Column 

s 

4000 

62000 


72100 


70500 


94300 


166400 


236900 
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In  tlie  above  tabulation  100^  of  tlie  roof  live  load  is  taken;  85% 
of  the  3rd  floor  live  load;  30%  of  tiie  2nd  floor  live  load;  and 
75%  of  tiie  Ist  floor  live  load;  in  all  cases  nsing  100%  of  the  dead 
load  according  to  the  caiicago  Code. 

For  the  tlurd  story  colvurm  a  12"  x  12"  size  may  be  used  v/ith 
a  minimiim  amount  of  steel,  p  =  #005  as  v/ill  be  seen  by  referring  to 
Table  5*  ITo  smaller  column  would  do  because  the  story  height  is 
11*  8"  and  tiie  ratio  of  height  to  le:.st  side  must  not  exceed  12, 
The  core  area  is  9  x  9  =  81  =  405  "^^«  ^^»     ^"^"t  t:_e  total  area  of 
steel  cannot  be  less  than   one  squai'e  inch,  nor  the  size  of  rod  be 
less  than  l/2  inch,  Tlaerefor  there  nmst  be  4  rods  5/8"  round; 
area  -  4  x  .S  -  1»2  sq«  inches.  For  ties  use  1/4"  round  rods  spaced 

7  1/2"  centers  which  is  12  times  least  diameter  of  5/8"  rods. 

per  tlie  second  story  coluiiin,  the  load  is  94300#;  and  refer- 
ing  to  Table  5,  it  v;ill  be  noted  a  16"xlS"  size  is  required  having 
a  steel  perconta^^e  of  p  s  .028,  As  the  area  of  the  core  =  13  x  13  = 
169  sq«  ins,,  the  amount  of  steel  =  •028  x  169  =  4.73  sq.  in.  = 

8  round  rods  7/8"  diameter;  actual  area  =  8  x  #6  =  4.8  sq,  in.  For 
ties  use  l/4"  round  rods  spaced  at  10  1/2"  apart  which  is  12  tirnes 
the  diameter  7/8".  The  vertical  cteel  should  extend  upvvard  into  the 
next  column  far  enough  to  develop  bond  for  the  stress  in  the  steel; 
this  may  be  taken  «,t  n  times  the  conci-oty  ctv-ess  or  1£  :c  4-00  ^   .:000# 
per  sq.  in.  For  deformed  rounds  v/ith  allo\'7able  bond  stress  of  100# 
per  sq.  in.  15  diameters  would  be  rerraired  or  about  13"  but  use  16" 
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SO  the  lengtli  of  rods  vnLll  come  out  oven  for  a  stoxy  bei^t  of  Ilt8**« 

For  the  first  stoty  eolux&n  tho  load  is  166S00  lbs.     A  21"  x  21» 
aiae  hav/lng  a  core  £xrea  of  18  z  18  "  324  sq«  in»  would  1m  suitablo. 
laidBg  p  ■  .oa,  th«  steel  area  ■  aOS  z  324  *"  6*48  sq*  !&•  egoiTalent 
to  4  rods  1  I/B"  and  4  rods  1"  round;     total  area  ■  7*14  sq*  in* 

(Aotoal  p  -    7>1^    B  ,022) 

S24 

P  -AC  (  1  f  p  (a-  1}) 
p  =  400  X  324  (1  +  .208)  ■  129600  x  1.308  ■  170000#  O.K. 

Qie  ties  1/4**  round  should  be  sp.'iced  12"  centers  ^  12  diameters 
of  smallest  rods.  iJztatid  the  rods  ttp  into  the  nazt  story  15  diameters 
for  bond  hich  amounts  to  15  x  1  1/8  ■  17"  say  19".  Chen  the  length 
of  vertical  steel  is  11«8"  plus  1»7"  ■  13«3»». 

For  the  basoBKit  stox-y  column  the  load  is  236900#.  A  size 

24"  X  24"  with  core  ax>ea  of  21  z  21  S  441  sq.  in.  would  be  stii table. 

With  p  ■  .025;  A  =  •025  z  441  ■  11  sq.  in.  equivalent  to  6  rods  1  1/4" 

square  a  8  z  1*56  ■  12.5  sq.  in. 

p  »    12.5    ■•0284    and  P  ■  A  o  (1 +p  (n  -  1)). 
441 

P  =  441  z  400   (1  -f  •SSS)    ■  176400  z  1«398  •»  246000  #  a.£* 

•Sm  ties     of  l/^**  ira^aid  rods  should  be  qpaoed  12  diameters 

of  the  smallest  vertical  steel  =  12  z  1  l/^  b  igrt  oentera.     For  bond 

eztend  the  vertical  24"  into  next  stoxy. 
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GOLUMirS.      TYPICAL     V/aLL     GOLS. 

The  wall  colvtHns  early  the  bvictovork,  spaiidrel  beams  and 
weight  of  the  colxumis  themselves;     the  floors  are  carried    "by  the 
interior  columns,  and  independent  framework  for  cold  storage  bnild- 
inga  where  the  insiilation  entirely  separates  the  walls  from  the  in- 
terior.    I'he  size  of  tiiese  coltunns  is  predetermined  by  the  available 
space  in  tlie  brick  walls  conforming  vdth  the  -rchitectiiral  design. 
The  outside  pilasters  being  30"  wide,  and  the  offset  co^^rses  4  l/2" 
each  leaves  a  width  of  21"  for  the  coltmm  proper;     while  the  thickness 
is  12  l/2"  the  same  as  the  brick  ciirtain  wall.     I'lie  loads  for  a  17 
foot  panel  are:- 

3rd  Story  13500  13500 

2nd       "  32400  •  45900 

1st       ••  32400  78300 

Basement  iitory  32400  109600 

'fhese  are  the  full  dead  loads,  figuring  120#  per  cubic  foot 
for  brictavork  and  150#  per  cubic  foot  for  concrete  beams  and  co limns. 

For  the  3rd  story  colusai  the  miniminn     steel  tiust  be  used  for 
the  fixed  size  21  x  12  1/2  =  26-:   sq.    in.  ;  area  of  core  =  18  x  9  1/2  « 
171  sq.   in.     i'he  smallest  size  rods  allowed  are  5/8"  diameter;     four 

rods  have  a  total  area  of  4  x  .3  =  1.2  sq.   in.     Then  p  «     L^    =  .007; 

171 
this  is  sufficient  because  p  may  be  as  low  ^s  .005;     but  1/2"  rods 

would  make  p  =  .0046  which  is  too   small 
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P     =AC     (l  +  p(n-l)) 

p     =     171  X  400    (1  f   .098)    =  68400  x  1.098  =  75000# 

But  the  load  for  the  3rd  storj-  coliann  is  13500  and  for  the  2nd  story 

45900  conseqtiently  this  size  v;ill  do  for  both. 

For  the  1st  stoiy  column  (load  78300#)  use  ttie  same  sise  colnmn 

but  with  3/4"  round  rods;     four  rods  have  a  total  area  of  4  x  .44  s 

1.76  sa.   in.     iTien  p  a     1.76  =  .0103 

171 

P  =  68400  X  1.144  =  78400#  0,  K, 

For  the  basement  story  column  use  17"  x  21"  size,  projecting 

inside  4  1/2",  with  4  rods  3/4"  diameter.      I'otal  area     is  4  x  .44  = 

1.76  sq.   in.     'j?hen  p  =    1.76  =  .007 

252 
Area  of  core  =  18  x  14  ■  252  sq.   in* 

P«Ao(l+p(n-l)) 

P  =  252  X  400    (1  +   .098) 

P  =  100800  X  1*098  =  109000# 
This  is  equal  to   the  load,    109600#,  but  the   colu.:n  being  stiffened 
by  tie  briclc  \7all  possesses  added  safety. 


<•  a 
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COHKLIH  UQLmiLTS  -  EXTEHIUH, 

The  lotid  on  the  exterior  comer  colxmins  consists  of  the 
brick  work,   the  colviran  itself  and  the  beams  framing  into  it. 
The  coltmms  marked  A-l»  A-7j  &-l»  E-7  are  tab-alateo.  ii,^  follows:- 
Exterior  Oomor  Goliffim  Loads. 


Gol.  Mark 

A-1 

A-7 
19600 

E-1 

E-7 

3rd  Story 

14600 

14600 

19600 

2nd  Story 

39100 

49600 

39100 

49600 

1st  Story 

63600 

75800 

63600 

75800 

Bsmt.  Story 

88100 

85800 

88100 

100800 

For  colnums  A-1  and  E-1,  having  loads  of  88100  lbs.   in  the 
basement  story,   the  size  is  fixed  by  the  pilaster  laeasxurements, 
being  made  13  x  21  inches,     i^e  core  is  3  inches  less  or  10  x  18  : 
180  sq.   ins.     The  smallest  percentage  of  steel  that  can  be  used 
is  •&/o»     Therefore  the  steel  area  v;ould  be  •S^x  180  b  .9  sq.  ins. 
But  the  miniiiium  steel  allov/ed  in  any  coliunn  is  1  sq.   in.   so  the 
snallest  rods  that  could  be  used  v/ould  be  4  round  rods  5/8»«  dia- 
meter, making  a  total  area  of  1.2  sq.   ins.     The  load  that  such  a 
column  would  sustain  is  determined  by  the  formula:- 

P=AC(H-p(n-l)    ) 

P  =  180  X  400  {  1  +  .0067  (  15-1  ) )  since 

p  -  1.2/180  -   .0067,  then 

P  s  "2000  X  1.094  -  79000  lbs. 
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This  coltimn  will  do  for  the  first,   second  and  third  stories  but 
not  for  the  basement.     Therefore  using  the  sar^e  size  13  x  21, 
try  4  roiuid  rods  1"  diameter.     The  steel  area  is  4  s:  •7854  s  _ 
3il4  sq.   ins.,   and  p  =  3,14/180  =  .0175,     Using  the  same  fonmila 
as  above,   the  load  it  will  sxistain  is, 

P  =  72000  X  1.244  =  89500  lbs. 
which  is  in  excess  of  tlae  maximiaa  load  in  the  basement  story  of 
88100  lbs.     Biis  coltmai  will  be  the  same  size  and  sliape  in  all 
stories,   except  tiiat  1"  rods  will  be  used  in  the  basement  coltmm 
and  5/8"  rods  in  the  colutrais  above. 

The  size  of  column  A-7  is  determined  by  the  pilaster 
measurements.     It  is  21"  x  21"  for  the  basement  and  first  stories; 
for  the  second  and  third  stories  it  is  ell-shaped,  21"  each  way. 
With  p  s  .005,   the  steel  area  is  .005  x  324  s  1.62  sq.   ins.   since 
the  core  is  18  x  18.     The  raaxiimm  load  it  will  sustain  is  (Using 
4  round  rods  3/4"):- 

P  s  524  X  400  X  1.076  s  140000  lbs. 
Although  this  is  in  excess  of  tie  actual     load  85800  yet  it  is  the 
least  that  can  be  used  and  will  apply  to   the  basement  and  first 
stories.     For  the  second  and  tliird  stories  the  core  is  282  sq.  ins. 
With  p  -  .OOSf  the  steel  area  is  1.41  sq.   ins.   so  tliat  4  round  rods 
3/4"  vrt)tild  have  to  be  used  the  same  as  for  the  lower  columns,  con- 
sequently the  columns  would  be  ample  from  top  to  bottom. 
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For  coltunn  E-7  the  size  in  the  baseir.ent  is  also  21  x  21 
and  with  4  rotmd  3/4"  rods  the  load  it  woxdd  carjcy  aiiio\mts  to 
140000  the  saine  as  A-7.     But  the  ^-reatest  load  is  100800  lbs. 
so  coliami  E-7  would  be  patterned  after  A-7,     See  colvinm  schedta© 
for  sizes  of  col^mins  in  each  story,   also  for  diameter  and  length 
of  rods. 

In  the  case  of  the  ell -shaped  coluians  where  4 
rods  do  not  work  well  in  arrangement  8  smaller  rods 
are  substituted  as  indicated  on  the  column  schedule. 
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Since  the  flooirs  are  siapported  independently  of  the  walls, 

coltmms  nmst  be  provided  inside  the  corlc  board  layer  to  support 

the  edges  of  the  floors  in  the  end  bays.  The  width  of  these  colianns 

is  determined  by  the  outer  colunms  21"  and  the  thicloiess  by  the 

height  of  not  less  than  1/16  of  11*  8"  =  9".  The  core  <*rea  s 

6  X  18  =  108  sq.  in.   Minimum  steel  =  ,005  x   108  =  <»54  sq,  in, 

but  not  less  than  1  sq,  in,  can  be  used  so  the  least  is  4  round 

rods  5/8"  diameter  -  1,2  sq,  in.,  a'his  colui^m  will  support  a 

load   P  =  Ac(lfp(n-l)).   ^  p=  1^  =  .011 

108 
P  =  108  X  400  (  1  f  ,155  )  =  67000  lbs, 

She  floor  loads  on  these  columns  for  the  various  stories  are  as 

follo-kvs; 

StOiy  Increment  Load 

3rd  18000  18000 

2nd  S2500  50500 

1st  37200  87700 

llsmt.  37300  125000 

consequently  the  minimxai  coltann  may  "be  used  for  the  2nd  and  3rd 

stories   the  load  being  less   than.  67000  lbs. 

jj*or  the  first  story  colxjrjn,  a  size  21  x  12  must  be  used; 

size  of  core  -.IS  x  9  -  162 

If  p  r  •0245  then  area  of  steel  =,0245  x  162  s  3,96  sq.  in. 

r  4  rotmd  rods  1  l/S"  diap.ieter,  i-he  load  P  -  162  x  400  (1  +  ,134)  = 
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87700  f   U.K. 

For  tlie  ■ba3enient  col^^nm  use  a  size  21  x.  16;     core  ■  18  x  13  a 
234  sq.   in,     'i'ry  6  roxaid  rods  1  I/8"  diameter.     Then  area  of  steel 


-  6  so.    in.   and  p  r 


=  .0256 


234 


P  =  234  2  400  (  1  +  o36)  =  127000^   l-his  is  enoug-h  since 

the  actual  load  is  125000^?. 

For  the  interior  wall  coliums  at  the  comers,  the  size  is 

12  X  12'*  with  a  core  eoual  to  9  29  -81  sq,  in.  The  loads  are  as 

follows; 

Story  Increment  Load 

3d  10000  10000 

2nd  17000  27000 

1st  195000  46500 

Bsrjt.  19500  66000 

With  miniEum  steel  of  4  rovmd  rods  5/8"  diameter  with  area  of  1.2 

sa.   in.,  p  -  1.2     s  •0148     and  the  load  the  colxjcm  v/ill  sxipport  is:- 
81 
P  =  81  X  400   {   1  -f  .21   )    s  39000#  consequently  this  will  be 

the  size  used  for  the  3d  and  2nd  stories.     But  for  the  1st  and  base- 
ment stories  v/here  the  loads  are  46500#  and  66000#  respectively,   the 
size  of  t].e  coltrnm  used  v;ill  be  larf^'e*"  because   ciie  maxiinum  steel  of 
p  =  .03  will  :iot  give  a  colunm  s-officiently  lar^eo 

For  the  1st.   story  use  a  14"  x  14"  size  with  a  11"  :::  11" 

core  -  121  sq.   in.     Four  round  rods  1"  -  3.14  so,   in.   and  p  ■  3.14 

121 

=  #026  p  -  121  X  400  (  1  +  o"5o  s  S6000#  2his  is  the  ri^t  size  for 
the  basenent  aiid  first  stories. 
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POOTIHGS     FOR     COLUMITS. 

ThQ     soil  as  shown  by  excavations  consists  of  a  top 
layer  5  feet  thick  of  loam  and  gravel  mixod;  below  that  for  a 
further  depth  of  25  feet  a  layer  of  pure  clay  containing  some 
gravel  in  the  upper  portion,  i'his  bed  will  wupport  the  building 
sinco  the  basement  footings  will  be  about  10  feet  below  grade. 
According  to  the  uhicago  uode  the  allowable  soil  pressure  is 
3500  lbs  per  square  foot. 

For  thj  interior  columns  the  footings  will  be  reinforced 
concrete  of  the  flat  spread  foundation  type  and  square  in  shape. 
Following  the  theory  developed  by  experiments  at  the  University 
of  Illinois,  the  projectine-  portions  of  the  footiiigs  will  be  con- 
sidered as  cantilevers  with  a  cross  section  at  the  ed^-e  cf  the 
columi  equal  "to  the  width  -f  the  column  plus  a  distance  on  each 
side  equal  to  the  depth  of  the  footing;  while  the  height  of  the 
cross  section  is  the  same  as  the  depth  of  tl:e  footing,  xhe  press;ire 
of  soil  is  exerted  over  the  area  botmded  by  the  dge  of  tiie  coluLm, 
the  outer  edge  of  tlie  footing,  and  the  two  dia^:onal  lines  running 
from  the  comers  of  tne  column  to  the  coi-nors  of  the  footing.  The 
center  of  pressure  for  tnis  trapezoidal  fis-tire  is  taJten  at  .6  the 
distance  from  the  edge  of  column  to  eu^e  of  footiu^^,',  measxiring  out 
from  the  coliann  face. 

For  shear  the  same  section  area  is  taker  for  resisting  shear 
as  for  fi:;ui'ing  moments;  and  the  value  of  the  shear  equals  the  total 
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presstire  on  the  trapezoidal  figtu;:^. 

Consider  the  typical  interior  coluimi.     Its  load  at  the  foot 
is  236900  lbs.   as  ^'iven  on  the  pag'e  of  colimni  design.     At  3500  lbs 
per  sq.  ft.  the  area  of  footing  required  is  236900  ♦  3500  =  67.5  sq  ft. 
The  nearest  size  of  c;.  square  of  tliis  footling  ';;ould  be  8«  2".     !l?he 
coliaan  nieastires  24"  x  24",  and  the  footing  therefore  projects  3»   1" 
beyond  the  faces  of  the  folunm.     Assime  a  depth  of  24"  for  the  foot- 
ing.    Then  one  edge  of  the  propezoid  measures  8'  2"  and  the  other 

equals  24"  -f   (2  x  24")    =  6»0".     The  area  =  (8»   2"  f  2»  0")   x    3»   1"  " 

2 
20.3  sq.  ft.     Total  pressure  =  3500  x  20.3  ■  71000#.     Bending  moment  = 

71000  X  .6  X  3.08  x  12  =  1,570,000  in  lbs.     Taldng  d  =  21",   the  steel 

area  required  to  resist  this  moment  «    1570000  =  4«8  sq.  ins. 

.87  X  21  X  18000 
But  this  is  distributed  over  a  v/idth  of  6»  0"  so  that  the  steel  area 

per  foot  is     4.8  =  .8  so.   ins.   -  l/2"  rounds  €  3"  centers. 
6 
The  ■  shear  =  71000  lbs,  at  the  edge  of  tlie  column  but  the  danger- 

our  section  is  at  a  distaiicto  from  the  columii  equal  to  the  depth  d  or 

21  inches.     Here  the  shear  is  36000  lbs  and  the  Uiiit  shear  «  36000 


72  X  21  X  .87 

per  sq.   in.       Tlie  bond  stress  ■ 71000 =  86#. 

7.13  X  4  X  1.57  X  .87  x  21 
Therefore  hook  the  ends  of  the  bars,     liov;  test  for  punching  shear  using 

an  alltt'/able  stress  of  120  lbs.  per  sq.   in.  and  talcing  the  perimeter  of 

the  colunm  multiplied  by  tlae  de]jth  of  footing  for  the  area  subjected 

to  punching  shear. 

Punch,   shear  =       236900   (total  load)    =  103#  per  sq.   in. 

24  X  4  X  24 

which  is  leas  than  the  allowable  and  therefore  safe. 
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Hoda  will  ruxi  in  botii  directions  across  the  footing,     ihe 
mininram  spacing  of  3"  \vill  affect   the  rods  in  the  middle  portion, 
a  width  of  6  feet;     the  rods  beyond  that  may  be  spaced  farther  r.part 
or  at  6"  centers. 

Hie  eicterior  v/all  coluum  footin^-s  are  to  be  figured  the  same 
way  when  standing  alone  but  if  adjacent  to  an  inner  coluxnn,   the  two 
footings  are  to  be  combined. 
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FOOTIITGS  FOR  OQLUiaTS  ALOIIG  liOP.TH  WALL. 

Since  there  is  already  a  building  at  present 
along  the  rorth  wall  of  the  uold  storot^je  House  the  new  foot- 
ings '.vill  not  only  be  carried  below  the  old  footings  hut  will 
not  be  permitted  to  extend  beyond  the  building  line.     Con- 
sequently spread  footings  of   the  beam  cantilever  type  will 
be  used  to  support  the  wall  coltrnms  and  the  interior  columns 
of  the  adjacent  bay* 

This  footing  must  be  arranged  s.o  that  the  center  of 
gravity  of  the  tv/o  column  loads  will  coincide  witli  tlie   center 
of  gravity  of  the  footing,   the  latter  representing  the  center 
of  the  up.vard  earth  prossuj;e  or  soil  reaction, 
'i'he  loads  are:- 

On  the  exterior  wall  column  109600 

"       '•     interior     "         »»  125000 

"       «»     interior  floor  256900 

Total  471500 

See  Fig.   6  (Diagram) 

For  a  soil  pressure  of  3500#  per  sq.   foot  the  area  of  the  foot- 
ing will  be     471500     =  135  sq,  ft.     liow  talce  moments  about  the 

3500 
point  A  to  determine  the  center  of  gravity  of  the  column  loads, 

X  -     (125000  X  12,75)   -   (109600  x  14.25)      -  6«8" 

471500 

Therefore  the  center  of  gravity  of  the  footing  must  be  6»8"  from 

the  point  a  of  8»4»»  from  tne  es^treme  v/all  end.     iiaaiing  the  shape 

of  the  footing  rectai-^nilar  puts  this  looint  in  the  middle  and  the 
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Other  end  of  the   footing  must  be  8«4"  in  the  oprjosite 
direction,  'i'he  total  length  is  then  16»8"  and  it  projects 
1»8"  beyond  the  centel"  of  the  interior  floor  colvonn.  Divid- 
ing the  total  area  135  sq,  ft,  by  the  length  16* 8"  gives  the 
width  as  8»2". 

'j3ie  soil  pressxire  conforms  to  a  uniform  boad  and  the 
bending  moment  near  the  middle  of  the  footing  is  6,900,000 
inch- lbs.   Let  the  depth  of  footing  equal  33",  then  d  ■  30" 
allowing  3"  of  concrete  coverii^g.  Area  of  steel  per  foot 

width  =  A  r 6900000     r  1.8  sq.  ins.  irhis  is 

8.1  X  15800  2C  30 

equivalent  to  3/4"  round  rods  at  3"  centers  iia  top  of  foot- 
ing. Use  the  same  size  rods  in  the  bottom  of  footing  but 
space  them  12"  centers  just  to  prevent  cractes  from  stresses 
due  to  uneveness  of  soil  pressure.  Also  put  in  some  1/2" 
round  cross  reds  at  24"  ceiiters  to  prevent  cracks,  using 
these  reds  as  ties  for  top  cOid  bottom  layers. 

The  shear  V  -  236900  lbs.  and  v  b 256900 r 

12  2  8.1  X  30  X  .877 

9^  per  sq.  inch,  stirrups  will  be  required  spaced  as  follows:- 

4  at  8"  -  4  at  10"  bending  the  stirrups  up  twice  or  "\7"  shaped 

so  the  resistance  of  four  times  the  cross  section  will  be 

effective,  i-he  long  top  rods  must  be  bent  at  the  5th  points 

like  beam  bars  and  hooked  at  the  ends  for  bond  stress.  Svery 

alternate  rod  to  be  bent,  the  others  ruiming  straight  through 
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"but  hooked  at  'ooth  ends. 

The  ot2ier  wall  coltmm  footings  may  extend  beyond  the 
property  lines  and  so  are  figured  in  the  same  laanner  as  the 
typical  interior  footings. 

The  concrete  v^all  between  the  exterior  columns  and 
extending  to  the  first  floor  level  v;hen  the  briclw/orl:  starts 
will  be  made  17"  thack  and  will  be  reinforced  horizontally  by 
5/8"  round  rods  at  12"  centers  on  outside  and  inside  face,   and     • 
vertically  by  5/8"  round  rods  at  9"  centers  in  both  faces* 
This  wall  vrf.ll  rest  on  top  of  the  column  fottings  at  the  columns, 
it  is   shown  by  light  lines  on  the  footing  drawing. 

All  footings  are  to  be  providec  with  1"  round  dov/els 
4»0"  long  extending  18"  into  footing  and  30"  into  colu:;Tns,   each 
footing  to  have  as  many  dowels  as  there  ai'e  colr-mn  rods  and 
arranged  in  the  same  manner  so  they  may  be  wired  to  tiie  column 
reinforcement. 
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I  IT  S  U  L  A  0)  I  0  K     O'P     GOLD     S  1'  0  H  A  G  ii     WALLS. 

In  modem  irefrigeration  it  is  the  ipresent  commercial  practice 
to  employ  coric  board  as  an  ins^^latine  material.     She  building  is  com- 
pletely enveloped  in  a  box  of  corlc  by  a  special  t^'pe  of  construction, 
This  consists  in  building  the  outside  v/alls  independent  of  the  main 
stinctxire  and  utilizing  a  separate  system  of  interior  framework  to 
support  the  floors  and  their  loads.     A  space  is  left  bet.veon  the  outer 
walls  and  the  inside  framing  to  accomodate  the  necessary  layers  of 
cork  board.     I'he  only  connection  across  the  space  is  a  series  of  steel 
anchors  at  each  floor  level     and  at  each  column,  tyirjg  tiie  adjacent 
colxjmns   (exterior  and  interior)    together. 

The  space  bet.veen  the  vralls  and  the  inside  fraxaework  is  made 
7"  wide  to  alio,?  two  lessors  of  3"  corkboard  to  be  placed  after  the 
structxire  is  completed.     On     the  roof  two  layers  of  2"  corkboai'd 
will  be  used  besides  the  concrete  roof  slab     to  allow  ample  protection 
from  the  heat  of  the  sun. 

IDhe  variotis  floors  v.ill  be  insulated  also,  using  t«vo  layers 
of  2"  cork  for  the  purpose  of  preventing  the  transmission  of  heat  from 
one  storj''  to  the  next  where  a  difference  of  several  degrees  in  tem- 
perature must  be  maintained. 

In  the  first  story  it  is  necessary  to  insulate  the  columns  also, 
extending  the  3"  corkboard  around  the  column  from  floor  to  ceiling. 
This  is  to  prevent  frost  from  traveling  through  to  the  base-ient  story 
Tjy  means  of  the  concrete  columns  which  extend  tlirough  the  floor. 
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To  prevent  the  passa,^;e  of  lieat  aiid  inoistiii*e  through  the 
walls  coricboard  has  been  fotmd  by  experience  to  be  an  ideal  in- 
sulation.    The  heat  conductivity  of  crescent  uoricboard,  manufact- 
ured by  the  united  Gork  Gompanies,   is  6.4  u.x.u,  per  square  foot 
for  one  degree  difference  in  temperature  per  24  hours,   as  shown 
1^  extended  tests. 

For  a  13"  brick  wall  the  conductivity  is  7.926  B.T.Q.   aaid  for 
6"  tliickiiess  of  concrete  floor  it  is  17.2  B.T.U.  per  24  hours. 

As  an  example  of  deterciining  the  value  of  insulation  with 
resx)ect  to  refrigeration,  consider  the  beef  freezer  room  on  the  first 
floor  where  the  teniperattu-e  is  to  be  kept  at  zero   (Falir. ).     I'he 
mean  yearly  outside  temperature  may  be  taken  at  52  degrees  for 

this  latitude,   then  the  difference  is   52  -  0  e 52 

sold  the  area  e^rposed  is,  for  the  outside 

wall  30  X  11  r  330 

The  heat  traiismission  per  square  foot  is 

for  a  brick  v;all  956 

iiicli.uding  5"  cork  and  cement  plaster. 

Jfor  a  difference   of  52  degrees  this  amounts 

to  52  X  .956  =  49.8 

and  for  ail  area  of  330  sqxiare  feet  the  total 

ij.x.i}.   is  330  X  49.8  s 16420 

for  ^  period  of  24  hours. 
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In  the  same  \7a;y  find  the  heat  transmitted  tljrough  the 
ceiling,  floors  and  pai'titiona,  talcing  the  sun  for  determining 
the  amotmt  of  refrigeration  needed  in  tons  per  24  hoiirs,  as 
follows:- 

i'or  tlie  ceiling,  consisting,  oi'  o  '  concrete, 
4"  cork  t)oard  and  l-^^'  cement  plaster  the  con- 
ductivity per  square  foot  per  degree  for  a 
period  of  24  houi-s  is  ......  1.452  ij.T.U, 

Temperature  difference  between  cooler  above 

at  30  degrees  and  the  freezer  30  degrees         30,0 

Ceiling  area  30  x  34  feet  ......  1020,0 

product  of  these  three  factors  44500 

B.T.U.  per  24  hours. 

For  the  walls  neact  to  the  cork  partitions 

the  difference  in  temperature  bet-veen  the 

freezer  at  zero  and  coolers  at  12  degrees  is      •••...  12.0 

The  area  of  the  partitions  forming  two  sides 

of  the  room  is  64  x  11  704.0 

The  conductivity  for  4"  cork  board  and  l|-'» 
cement  plaster  per  sq.  ft.  per  degree  for 

24  hours  is  1»68 

Product  of  the  three  factors  ......  14200 

B.i'.U.  per  24  houi-s. 


»  1   t    t   ■•    J    I 


■}    ■'     (    1    ^ 


1   ^  *  ■»  ^ 
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For  the  floor  the  area  is  ......  1020 

The  difference  in  temperature  bot.veen  the 

basement  at  55  degrees  and  the  cooler  at 

zero  is  • 55 

The  coefficient  of  conductivity  for  the 

floor  consistiii£'  of  6"  concrete,  4"  corlc 

and  4"  concrete  v/eai'ing  s^irface  is  1.4 

Prodiict  of  the  tiiree  factors  (B.T.U, )   s  • 78540 

For  the  v/all  next  to  tiie  old  building' 

the  area  is  34  x  11  feet  3Y4 

a?he  difference  in  temperature  het\'/een  the 

freezer  at  zero  and  tlie  old  building  at 

65  degrees  is  •••.••  65 

The  conductivity  of  tne  old  and  new  ■'.vails 

consisting  of  13"  new  bricloYork,  4"  cork 

board,  1-|^»  cement  plaster,   and  13"  old 

briclOTork  is  ••••••   •05 

The  prodxict  of  the  tliree  factors  is  ••••••  1220 

B.T.U,  per  24  hours. 

The  sum  of  B.T,U«»s  for  all  s-urfaces  of  tlie  room  amounts  to:- 

Outside  wall  16420 

Oeiling  44500 

Gorij:  partitions  14200 

Floor  78540 

Double  ?/all  1220 

Total  154880 


♦  ■»•;'*    'v    a    -» 
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TO  e^pjcess  this  quantity  in  terras  of  refriii-ei'ation  it  is 
necessary  to  defin4  the  latter.     To  melt  one  pound  of  ice  at  32 
degrees  (Fa2ir. )   144  B.'i'.U.  of  heat  are  reqiiired.     One  ton  of 
refrigeration  represents  the  cooling  exfect  produced  by  melting 
one  ton  (2000  lbs.)   of  ice  at  32  degrees  into  water  at  32  degrees: 
or  2000  X  144  B.T.U.»s  =  288000  B.r.U.'s. 

Tiien  for  the  freezer  room  under  consideration  where  154880 
B»l'»U»*s  would  be  required  per  24  hours,   the  equivalent- amount 
of  refrigeration  in  tons  is  154880  divided  by  288000  n     .54  tons 
per  24  hours.     I'his  is  for  one  room  only  when  accidental  losses 
are  neglected  su.ch  as  openiiog  of  cooler  doors,   the  presence  of 
men  in  the  cooler  room  and  the  warming  effect  of  electric  lights. 
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In  compiling  an  estimate  of  the  cost,   the  building 
itself  will  be  considered,   including  ejjicavation,  raaterials 
of  construction,  coric  board  insulation  aad  labor;  but  not 
equipment  nor  machinery  for  the  refri{;eration  plant.     Tlie 
figures  will  therefore  cover  the  erection  of  tixe  cold  stor- 
age house  ready  for  all  ice  making  installations. 

The  subject  divides  itself  into  four  main  divisions: 
e^cavatiiig,  construction,  insulation  and  engineering. 

EXGAYA2I1TG. 

The  tract  of  land  being  fairly  level,  the  depth 
which  must  be  dug  may  be  talcen  at  an  average  of  11«0"  from 
grade  to  lavest  point  of  foundation.     Allowing  an  additional 
two  feet  excess  on  all  sides  the  area  of  the  hole  equals 
(68  t  4)  x  (SO  +  4)   =  72  x  94  =  6768  sq.   ft.     LIultiplying 
this  by  the  depth  11  feet  maJces  the  number  of  ciibic  feet 
74448;     divide  by  27  reduciiig  it  to  2757,3  cu.  yds. 

I'he  current  price  quoted  by  contractors  on  work 
in  Chicago  is  .j2,25  per  cubic  yard  msk.l-nQ  the  amotuit  for 
e2:cavating  about        $6200 .00 

COITSTHUCTIITG. 

In  analyziiig  the  cost  of  the  concrete  work  it  is 
necessary  to  co.pute  the  volume  of  concrete  xised  in  floors. 
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roof,   coltTraas  aiid  footings.     Tlie  zlsCo  tiiiclmesses  foi:  tho  vajrious 
stories  are  :-     first,, 6iV"  plus  3"  weariiig  surface  =  9g-";   second  , 
&-|-*»;   third,   6";     roof,  4|-"     After  deducting  the  area  of  cone 
slots  and  taking  into  account  the  stairs,  elevator  shaft  and 
columns  the  area  per  floor  is  5287  sq,  ft.     Talcing  the  total 
thicloiess  of  all  slabs  at  30"   (Bsmt,  5^^*]  gives  the  cubic  con- 
tents of  floors  at  13217  cu  ft. 

Cubic  contents  of  coluEoas  from  base  to  roof  s  3360  cu.  ft. 
Footings  ttnder  all  columns     4480  cu  ft. 
Beams  extending  belov;  slabs     5400  cu  ft. 
Basement  vralls  17"  thick    5600. 
(Dotal  33067  cu.  ft.   or  in  cubic  yards  about  1220. 

The  steel,   figuring  p  ^.t  an  avera^^e  value  of  .01  amounts 
to  330  cu  ft.   and  at  480  lbs.  per  cubic  foot  equals  160000  lbs 
or  80  tons. 

The  concrete  at  §36.00  per  cubic  yard  totals,   including 

f orm^  and  all  labor 944000.00 

The  steel  at  16  cents  a  pound  put  in  place 20300.00 

Briclflvork  in  cuJrtain  v/alls  amoi^nts  to  veiy  nearly  3900  cu 
ft.  s  90000  bricks.     At  present  prices  for  material  aaid  labor 
would  amount  to  $42.00  per  thousand  or  a  total  of 3800.00 

30  cooler  doors  installed  complete  C  §65  2000.00 

Roofing  put  on;     Carpentiy  labor  and  materials;  plumbing 
ducts;     plastering;   and  iron  v;ork  as  determined    by  estimates 
used  by  contractors  approximate       16000.00 
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mSULATIlTG. 

Along  the  o-utside  walls,  imder  the  first  floor  and  over 
the  roof  slab  6"  of  corlc  is  used  roaicing  a  total  of  21354  sq«  ft# 
of  6"  thick  cork  board.     For  the  partitions,  colxmns  and  under 
the  second  and  third  floors  4"  cork  is  used  nalcirg  a  total  of 
17174  sq.  St.   of  4"  thickness  cork  board.     Reducing  this  to 
cubic  feet  of  cork  the  amount  is  16400  cu.  ft.     TMs  can  be 
"bought  and  put  in  at  present  prices  for  1.25  per  cubic  foot 
totaling  $20500.00 

BEGUffiSRIxTG. 

Tliis  '^rill  include  surveying,  making  draivings  and  super- 
vising V7hich  all  together  v/ill  add  12^  to  the  original     estim- 
ated cost  or 12000.00 

SUmUiHI  CP  liLL  1'2EL1S  Q1Y3E  AB07JS:    - 

SsKavating  62000.00 

Concrete  44000.00 

Steel  20300.00 

BrickvTork  3800 .00 

Cooler  doors  2000.00 

Insulation  20500.00 

Carpoatiy  £.-  Iliscellaneous  16000.00 

Engineering  13000.00 


ESTIMATE  TOTAL 


126000.00 
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How  the  cubic  contents  of  the  building  is  90  z  70  z  55 
-  346000  cu  ft.  and  according  to  recent  tabulated  costs  of 
actually  built  cold  storage  buildings  as  recorded  by  the 
United  uork  uo.  the  complete  cost  averages  aoout  33  cents 
per  cu,  ft.  at  present  prices.     I'his  -would  amount  to  §114000. 
Y/ithout  elevators  or  machinei:y  equipment,     in  viev;  of  present 
uncertain  factors  affecting  costs,  a  safe  estimate  for  this 
building  \70uld  be  around  ^130,000.00. 
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allov;able   ui:it    stsbsses. 


f  =  700  #/  sq,  in. 

C  =     400        "  •• 

▼  =     40       "  " 

U  =     50       "  " 

w  =  100        "   .  " 


ST3E3S3S  n:  GC2TG3E'iS. 

Bending,  compression, 

Direct  compression. 

Shear,  diagonal  tension 

Bond,  plain  roxmd  bars 

Bond,  defoiTfled  rotmd  bars 
S'fHSaSES   LB  STEEL 

Steel,  high  uarbon,   tension,         s  s  18000  #/  sq,   in. 

Shear,  v/hen  iised  as  stirrups         y  =  12000       "         " 
02EER  SYIIBOLS. 

V  =  Total  shear  in  "beam. 

A  =  Steel  area  of  rods. 

p  z  Steel  ratio 

b  -  width  of  beam 

d  a  depth  to  center  of  steel 

h  -  total  depth 

n  =  ratio  of  modtili  of  elasticity  of  steel  and  concrete 

k  s  ratio  of  distance  dOTTn  to  neutral  axis  to  d. 

.1=1-     k 
S 
M  r  Bending  moinent 

b  d*^ 


/coooo 


90000 


Sc>0O0 


TnSLE  S 


5r-ee/  Koh'o,     o 


FIGURE  6. 
Diagram  of  spread  footing  for  exterior  wall  columne  and  interior 
floor  column  with  loads  as  shown.  At  the  left  end  the  edge  of 
footing  coincides  with  building  line. 
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Taking  moments  about  point  A  gives  the  distance  to  center  of 
gravity  of  the  loads  as  6 '3"  and  this  must  coincide  with  the 
center  of  the  footing  which  extends  8 '4"  each  way.  See  com- 
putations for  footings  of  North  wall  columns. 
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